We present a catalogue of 38 spectroscopically detected strong galaxy-galaxy gravitational lens candidates identified in the Sloan Digital Sky Survey IV (SDSS-IV). We were able to simulate narrow-band images for 8 of them demonstrating evidence of multiple images. Two of our systems are compound lens candidates, each with 2 background source-planes. One of these compound systems shows clear lensing features in the narrow-band image. Our sample is based on 2812 galaxies observed by the Mapping Nearby Galaxies at APO (MaNGA) integral field unit (IFU). This Spectroscopic Identification of Lensing Objects (SILO) survey extends the methodology of the Sloan Lens ACS Survey (SLACS) and BOSS Emission-Line Survey (BELLS) to lower redshift and multiple IFU spectra. We searched ∼ 1.5 million spectra, of which 3065 contained multiple high signal-to-noise background emission-lines or a resolved [O ii] doublet, that are included in this catalogue. Upon manual inspection, we discovered regions with multiple spectra containing background emission-lines at the same redshift, providing evidence of a common source-plane geometry which was not possible in previous SLACS and BELLS discovery programs. We estimate more than half of our candidates have an Einstein radius 1.7 , which is significantly greater than seen in SLACS and BELLS. These larger Einstein radii produce more extended images of the background galaxy increasing the probability that a background emission-line will enter one of the IFU spectroscopic fibres, making detection more likely.
INTRODUCTION
Galaxy-scale strong gravitational lensing provides a unique probe into the cosmological distribution of matter, providing precision measurements of foreground galaxy surface mass densities from high-resolution lens models of observed multi-ple images (Kochanek 1995; Keeton et al. 1998; Bolton et al. 2008a,b; Auger et al. 2009 Auger et al. , 2010 Brownstein et al. 2012; Lagattuta et al. 2012; Sonnenfeld et al. 2013; Shu et al. 2016b ). When combined with other dynamical measurements, such as stellar kinematics, the mass distribution may be dissected into luminous and dark components (Barnabè et al. 2009; Dutton et al. 2011; Spiniello et al. 2011; Barnabè et al. 2012) , including the detection of dark matter substructure within the lensing galaxies as well as small-mass dark matter haloes along their line-of-sight (Vegetti & Koopmans 2009; Vegetti et al. 2010 Vegetti et al. , 2012 Vegetti et al. , 2014 Hezaveh et al. 2016; Cornachione et al. 2018; Despali et al. 2018) .
Dedicated surveys and serendipitous discoveries have to-date identified over 250 grade-A strong galaxy-galaxy gravitational lenses 1 , with foreground galaxy subtractions which exhibit multiple images of the same background galaxy with sufficient signal-to-noise to lead to a wellconstrained lens model. Of the various methods, spectroscopic detection has proven to be the most successful means of discovery, with the Sloan Lens ACS (SLACS; Bolton et al. 2006 ) survey, the Sloan WFC Edge-on Late-type Lens Survey (SWELLS; Treu et al. 2011) , the SLACS for the Masses (S4TM; Shu et al. 2015) survey, the BOSS EmissionLine Lens Survey (BELLS; Brownstein et al. 2012 ) and the BELLS Galaxy-Lyα Emitter systems (GALLERY; Shu et al. 2016a ) survey yielding a combined total of over 150 grade-A strong galaxy-galaxy lenses, which were detected from the Sloan Digital Sky Survey (York et al. 2000) . All SDSS spectroscopic candidates required follow-up high-resolution Hubble Space Telescope (HST) imaging for confirmation of multiple background source images.
This manuscript introduces a new Spectroscopic Identification of Lensing Objects (SILO) survey based on the current SDSS-IV survey (Blanton et al. 2017) , extending the spectroscopic detection methods of Bolton et al. (2004) and Brownstein et al. (2012) to spectra obtained from the Mapping of Nearby Galaxies at APO (MaNGA; Bundy et al. 2015) survey. Unlike BOSS and SDSS-I spectra, which were reduced from single fibres placed on each galaxy, MaNGA's Integral Field Unit (IFU; Drory et al. 2015; Yan et al. 2016a) places between 19 and 127 2 fibres on each galaxy, covering a much larger field of view, between 12 -32 in diameter, with 15 minute dithered exposures repeated until the signal-to-noise ratio above a threshold is achieved (Yan et al. 2016b ). MaNGA's six-year program targets ∼ 10, 000 nearby (z < 0.15) galaxies (Law et al. 2015) of which 2,812 galaxies were included in Data Release 14 (DR14; SDSS Collaboration et al. 2017) .
Whereas SLACS, SWELLS and S4TM surveys were based on SDSS-I galaxies with redshifts out to 0.45 (York et al. 2000; Eisenstein et al. 2001 ) and BELLS and BELLS GALLERY surveys were based on SDSS-III BOSS galaxies with redshifts out to 0.7 (Eisenstein et al. 2011; Dawson et al. 2013) , the typical MaNGA target redshift is z ∼ 0.05. The majority of the MaNGA targets are selected using i-band absolute magnitude (Mi)-dependent redshift cuts such that more luminous galaxies are selected at both preferentially higher redshift and over a larger volume than lower luminosity galaxies. The first of theses choices results in targets 1 L. Moustakas and J. R. Brownstein: Master Lens Database that cover the same range in angular effective radius (R eff ) irrespective of Mi, and so all galaxies can be sampled to some multiple of R eff using the same size IFUs. The second produces a sample that has the same number density at all Mi, i.e. the sample has the same number of the most luminous (massive) galaxies as the least luminous (massive) galaxies. Two main samples are defined. The Primary+ sample is selected so that galaxies have spectral coverage out to 1.5 R eff and makes up two thirds of the targets. The Secondary sample, making up the remaining third of the targets, is selected at slightly higher redshift than the Primary sample so that the galaxies have spectral coverage out to 2.5 R eff . Full details of the MaNGA target selection can be found in Wake et al. (2017) .
The discoveries presented in this manuscript are based on the MaNGA internal MPL-5 data release which contains the same galaxies as in DR14. Whereas we have fewer galaxies in MaNGA than in the earlier lensing spectroscopic discovery programs, we have many more spectra for each individual galaxy, allowing the SILO detection algorithm to search for multiple background emission-lines with common background source redshifts. Furthermore, because the mean redshift of MaNGA (foreground) galaxies is z ∼ 0.05 with background galaxy redshifts up to the range of the previous surveys, the estimated Einstein radius is up to two to three times larger than those measured in the SLACS, SWELLS, S4TM, BELLS and BELLS GALLERY surveys. Such large Einstein radii would not have been possible to detect with single fibre spectra because the background emission-lines of the magnified image of the source would have gone undetected since it would have landed outside the single fibre.
The larger Einstein radius is a measurement of the increased gravitational lensing strength, which produces more extended images of the background galaxy, thereby increasing the probability that a background emission-line will enter one of the IFU spectroscopic fibres, making detection more likely. This increases the overall probability that a galaxy of a given mass will be a strong gravitational lens. The multiple fibres with multiple exposures within the Einstein radius allow a correlation of the spectroscopic detections with their geometrical position across the IFU bundle. Using the individual best-fit spectroscopic redshifts of detected background sources, we have extended the SILO algorithm to generate narrow-band images of the background source-plane, to allow for the first time, experimental predictions of images prior to follow-up imaging.
Shortly after the first MaNGA data release in 2016 (DR13; Albareti et al. 2017) , which included 1,351 galaxies, Smith (2017) reported the discovery of a stronglensing candidate, SDSS J170124.01+372258, at zF = 0.122. We also find this system as a promising lens candidate, based on our discovery of high signal-to-noise background emission-lines from a source at zB = 0.790. The multiple images seen in the narrow-band images are geometrically positioned at the estimated Einstein radius and clearly show an arc and a counter-image separated by 3.7 ± 1.3 . This paper is organized as follows. The expected number of lenses in MaNGA is presented in Section 2. The spectroscopic candidate discovery is presented in Section 3, consisting of foreground spectrum modelling (Section 3.1), background emission-line detection (Section 3.2), Einstein radius estimation (Section 3.3), and source-plane inspec-tion, with the discovery catalogue resulting from inspection (Section 3.4). Lensed image construction, consisting of the discovery of counter-images in narrow-band images, is presented in Section 4. Potential compound lenses containing two background galaxies along the same line of sight which were discovered in the catalogue are discussed in Section 5. We provide a summary of results and conclusions on the importance of the SILO survey's MaNGA lens discovery program in Section 6.
EXPECTED NUMBER OF LENSES
We begin by presenting a crude estimate for the number of gravitational lenses expected to be detected in MaNGA. We make several simplifying assumptions. For instance, we assume that the lenses will be detected if the [Oii] luminosity in the source is above a certain flux limit and we ignore the magnification boost provided by strong lensing. The probability that a given MaNGA galaxy with velocity dispersion σv at a redshift zL will act as a lens for a source galaxy with flux brighter than f is then given by
where nS is the co-moving source number density of [Oii] galaxies at redshift zS with an observed flux greater than f (which translates to a luminosity L > 4πD 2 L f given the luminosity distance DL), θEin is the Einstein radius, given the lens and source redshifts, and dV /dzS is the differential co-moving volume at redshift zS. We use the Schechter function fits to the [Oii] luminosity function and its evolution (Khostovan et al. 2015) to compute nS and interpolate the redshift ranges in between. The Einstein radius is then given by
where, c is the speed of light, and DA(zL, zS) and DA(zS) are the angular diameter distances between the lens and the source, and the source and observer, respectively. We used a fiducial value of σv ∼ 200 km/s for this coarse estimate. If we assume the [Oii] flux limit to be 6 × 10 −17 erg s −1 cm −2Å −1 , we arrive at an estimate of ∼ 60 lenses in the entire MaNGA survey. This estimate increases to ∼ 200 lenses if the flux limit is reduced to 10 −17 erg s −1 cm −2Å −1 . We have checked that accounting for the magnification bias changes the prediction by a factor of order unity. A fuller investigation into the biases of the lensing probability (e.g., Arneson et al. 2012 ) is in preparation.
SPECTROSCOPIC CANDIDATE DISCOVERY
The premise behind the spectroscopic candidate selection of Bolton et al. (2004) and Brownstein et al. (2012) was to search for background emission-lines within the solid angle covered by the spectroscopic fibre (see also Warren et al. 1996; Hewett et al. 2000; Willis et al. 2005 Willis et al. , 2006 . We first summarize our approach for the lens search here and then describe each step in detail subsequently. The success of this discovery program hinges on a precise subtraction of a best-fit foreground galaxy model. Although there are many residual features remaining in the spectrum after foreground galaxy subtraction, we limit our search for background emission-lines to high signal-to-noise features. We then use an upper limit on the Einstein radius for each galaxy, in order to determine which of our background emission-line regions were more likely strongly lensed images. Furthermore, because the background source-plane would occur at a common background redshift, and images of the background galaxy would be localized in a particular geometrical position in the IFU, a manual inspection process is required in order to grade the candidates for the final catalogue.
Foreground Galaxy Subtraction
The fact that MaNGA galaxies are observed using the BOSS Spectrograph (Gunn et al. 2006; Smee et al. 2013) and that the row-stacked spectra (RSS) files generated by the MaNGA Data Reduction Pipeline (DRP; Law et al. 2016) are equivalent to the BOSS and SDSS-I/II spec2d reductions allows a very similar foreground galaxy model as was used in the SLACS , SWELLS , S4TM (Shu et al. 2015) , BELLS ) and GALLERY (Shu et al. 2016a ) spectroscopic discovery programs. Whereas the BOSS and SDSS-I galaxies were observed with one fibre yielding a single spectrum containing all of the light from the galaxy, the MaNGA RSS files contain multiple spectra for each fibre, repeated across multiple exposures, yielding many spectra distributed at different positions over the galaxy. The wavelength calibration of the MaNGA data is accurate to 5 km s −1 RMS, with a median spatial resolution of 2.54 FWHM. This allows the candidate background emission-lines to be spatially correlated, Table 1 . Emission-Line Wavelengths. Column 1 lists the emission-lines used in the spectroscopic discovery of background emission-line sources, and Column 2 shows the restframe vacuum wavelength of the emission-line. Column 3 provides the maximum redshift of the emission-line detectable with the BOSS spectrograph used by MaNGA.
Emission
Restframe zmax Line Wavelength [Å] (1) increasing our confidence that the background emission-lines are real. The galaxy model-fitting template requires a precise foreground redshift per fibre. Unlike the BOSS and SDSS-I/II reductions, the MaNGA DRP does not provide spectroscopic redshifts for each fibre. The MaNGA targeting NASA-Sloan Atlas (NSA; Albareti et al. 2017) catalogue redshift is insufficiently precise to match each fibre's redshift due to the variations caused by the galaxy's radial velocity distribution. For each row (spectrum) in the RSS file, we computed the best-fit spectroscopic redshift by running the publicly available BOSS pipeline spec1d -zfind code . Because of the variation in the signal-to-noise which decreases rapidly from the centre of the galaxy, we needed to make two passes to get good spectroscopic redshifts everywhere possible. The first pass computed spectroscopic redshifts using the provided value of the NSA catalogue redshift as the starting guess (prior) input to spec1d -zfind. A mean spectroscopic redshift,zspec, was then computed within the inner high signal-to-noise region, determined as the minimum radius at which the curvature became slowly varying as defined by |d 2 (S/N )/dR 2 | → 1, where S/N is the signal-to-noise ratio. Redshifts that were more than 500 km/s from the mean were neglected as outliers. The second pass re-computed the spectroscopic redshifts in the low signal-to-noise region using the mean spectroscopic redshift as a prior. This method provided good spectroscopic redshifts throughout the galaxy, except in a minority of fibres, as shown in Figure 1 , for an example galaxy, SDSS J083633.11+540229.27, with the mean spectroscopic z, shown by the blue-dashed line, very close to the NSA catalogue redshift,
In total, we obtained 1,582,014 good spectroscopic redshifts for the spectra of the 2,812 galaxies in MaNGA's internal MPL-5 data release. The mean inner spectroscopic redshift agreed with the NSA catalogue redshift to within 0.001 for 2,750 of the 2,812 galaxies. For each of these spectra, we constructed a best-fit model spectrum to the galaxy continuum using a basis of 7 principal component analysis (PCA) eigenspectra, and subtracted this continuum model from the data. Fibres which were at too low a S/N to yield a spectroscopic redshift were discarded from consideration in the search for background emission-lines.
Background Emission-Line Detection
In order to perform a systematic search for background emission-lines in each of the 1.5M residual spectra described in Section 3.1, we reimplemented the original idl based algorithms described in Bolton et al. (2004) and Brownstein et al. (2012) in a python-based software architecture including a back-end database, and utilized the marvin suite (Cherinka et al. 2017 ) to access MaNGA data including the web to visualize spectra and galaxy maps. Using a 500 cpu cluster, the residual spectra were scanned for at least two of the lines listed in Table 1 detected at 4σ; or a single line identified as a background [O ii]λλ 3727 detected at 6σ. These are the values of the thresholds used in Bolton et al. (2004) and Brownstein et al. (2012) for these two detection modes, referred to as "multi-line" and "single-line" detections, respectively. Decreasing the threshold increases the number of candidate emission-line detections without necessarily increasing the number of candidates that pass inspection, whereas increasing the values of these thresholds decreases the number of candidates.
Detections that contained only an [O ii] doublet were rejected if the [O ii] doublet was located in a region near a sky emission-line. Multi-line detections were modelled using a Gaussian, and detections that included both [O iii] 5007 and [O iii] 4959 emission-lines were scanned for a characteristic ∼ 3-to-1 ratio of the flux, respectively. All three multi-line or greater hits were also visually inspected. Single-line detections were modelled with double Gaussian functions in order to scan for resolved [O ii] doublets. We inspected 1659 multi-line "hits" and 9762 single-line "hits" that contained either the form of an [O ii] doublet, or contained multiple patterns of background emission-lines. Each of these hits were graded as good. However, a large fraction of the single-line hits within a particular galaxy are not correlated in either redshift or spatially across the IFU and therefore drop out during the source-plane inspection process. Furthermore, detections that were geometrically positioned beyond the estimated strong lensing regime (see Section 3.4) were discarded as non-candidates.
We provide example plots of some of the multi-line and single-line detections in Figure 2 , showing the flux, best-fit model, and Gaussian fits, including the observed emissionlines, as described in Table 2 .
As in previous discovery programs (including SLACS and BELLS), these background emission-line detections provide compelling evidence that follow-up imaging will confirm the existence of strong gravitational lenses. But we can go farther in our inspection than was previously possible with the single spectroscopic observation of SDSS and BOSS, by combining an estimate of the Einstein radius, as described in Section 3.3, with the geometric information with a sourceplane inspection, as described in Section 3.4. Figure 2 . Column 1 presents the SDSS System Name. Column 2 identifies the detection mode used for the discovery. Column 3 provides the manual inspection which identifies the observed emission-lines.
System Name
Detection Mode Manual Inspection 
Einstein Radius Estimation
MaNGA data allows us to use spatial information to classify our candidate lens systems. For strong lenses with a density profile close to isothermal, such as SLACS lenses ), we expect strongly lensed images to lie within a circular region with radius equal to twice the Einstein radius of the lens. Although the most accurate measurement of the Einstein radius is derived by fitting a lens model to highresolution imaging data, we do not have a complete set of follow-up imaging for our catalogue to model. Instead, we estimate the Einstein radius, using:
where M is the enclosed mass, and DL and DS are cosmological angular diameter distances from observer to the lens and observer to the source, respectively. The computation of the Einstein radius requires surface mass density maps for the galaxy, which we obtained from the publicly available MaNGA Firefly value-added catalogue (VAC, Wilkinson et al. 2015) released with SDSS-IV DR14 (SDSS Collaboration et al. 2017) . In this VAC the input stellar population models of Maraston & Strömbäck (2011) are used, based on the MILES stellar library, with Kroupa IMF (Kroupa 2001) . We computed both a lower limit and an upper limit for the Einstein radius. For the lower limit of the Einstein radius, we computed the stellar mass enclosed within the lower-bound of the error provided by Firefly, but added no dark matter. For the upper limit, we computed the enclosed stellar mass within the upper-bound of the error provided by Firefly, and included a dark matter fraction computed using the theoretical model for the local stellar mass fraction of Jiménez-Vicente et al. (2015) at values of the ratio R/R eff , where R eff is the effective radius from the NSA catalogue. We computed the mass, M , enclosed within a distance, R, and the Einstein radius, REin, iteratively using Equation 4, until we obtained a R = REin solution.
We compared the distribution of the Einstein radii of the SILO candidates to the published distribution of the Einstein radii of the grade A, B, and C lenses in the SLACS and BELLS surveys. As displayed in Figure 3 , the Einstein radius distributions of the SLACS and BELLS surveys peak at ∼ 0.6 and ∼ 1.0 , with upper limits up to ∼ 1.8 and ∼ 2.2 , respectively. The distribution of the Einstein radii for the SILO candidates peaks at ∼ 1.4 and ∼ 2.6 , and the range extends up to ∼ 3 .
Source-Plane Inspection
Whereas the BOSS and SDSS-I galaxies were observed with one fibre yielding a single spectrum containing all of the light from the galaxy, each MaNGA galaxy was observed with a fibre bundle, in which each fibre yielded multiple spectra from multiple exposures. This allows the candidate background emission-lines to be spatially correlated, increasing our confidence that the background emission-lines are real.
In order to determine whether the individual background emission-line hits discussed in Section 3.2 originated in a common background source-plane, a finely spaced redshift grid (∆z = 0.05) was constructed and the hits for each galaxy were counted per spacing in the redshift grid. The background redshift, zB, was selected from one of the good hits, limited to a precision of 3 decimal places, to allow for the variation due to internal radial motion of the background galaxy. Each MaNGA galaxy that contained at least two good hits in a source-plane was manually inspected to check for spatial correlation in the emission-line features. Since the background emission-lines in one hit can often be observed in surrounding fibres, we also inspected the source-planes that contained one good hit with three or more multi-lines, or one good single-line hit within a MaNGA galaxy that contained another source-plane with at least two good hits. These search methods identified a total of 1139 good multiline and 1926 good single-line hits, for a total of 3065. We inspected 397 background source-planes that contained at least two good hits. We inspected an additional 44 sourceplanes with a single multi-line hit and 257 source-planes with a single-line hit.
The following selection criteria were applied to select the strong-lensing candidates from the source-planes:
• The source-plane contained at least one multi-line hit with a minimum of three emission-lines, or
• Each source-plane contained at least two (single-line or multi-line) hits, or
• The source-plane contained at least one (single-line or multi-line) hit with additional evidence of low S/N emissionlines that are correlated with the source-plane redshift, and are contained within fibres that are positioned near the hit.
• The source-plane contained at least one background emission-line detected at a position within twice the upper limit of the Einstein radius.
We made an exception for system SDSS J0733+4411, SDSS J0825+1728, and SDSS J1307+4618, since each displayed well formed lensing features (see Section 4). After applying these selections, we found 36 promising candidates out of which 2 showed evidence for compound lensing with multiple source-planes (see Section 5). This final sample is presented in Table 3 . Figure 4 provides two-dimensional plots of each of these Table 3 . Candidate Strong Gravitational Lenses. This is the list of strong gravitational lens candidates, discovered in Section 3.2 that further demonstrated background emission-lines at a common redshift (source-plane) within the strong lensing regime as discussed in Section 3.4. Column 1 provides the SDSS System Name in terms of truncated J2000 RA and Dec in the format HHMMSS.ss±DDMMSS.s. A dagger represents if the candidate is displayed as a narrow-band image within this paper. Column 2 provides the Plate-IFU of the galaxy observation. Column 3 provides the foreground spectroscopic redshift defined as the mean inner spectroscopic redshift, z F =zspec, as described in Section 3.1. Column 4 provides the spectroscopically detected background emission-line source redshift, z B , computed as described in Section 3.4. Column 5 provides the NSA Sersic effective radius. Column 6 provides the Einstein radius with upper and lower limits. Column 7 provides the number of good background emission-line hits identified within the common source-plane. For those source-planes with only a single hit, we distinguish the case from one multi-line hit (identified by a †) from the case of one single-line hit (identified by *). Column 8 provides the ratio of the radial distance of a source-plane image's detectable edge to the estimated upper limit of the Einstein radius.
System Name Plate-IFU 36 candidate lenses, showing each of the above selection criteria including the positions of the high signal-to-noise emission-line hits, and the location of the manually confirmed evidence of low S/N emission-lines from the background source. The plots also show the upper limit of the Einstein radii and the colour-scale of the square markers indicates the gravitational lensing convergence, computed as
in order to indicate the strong lensing regime where κ 1, where Σ is the surface-mass density determined from the MaNGA Firefly VAC discussed in Section 3.3, and
is the critical surface-mass density.
NARROW-BAND LENSED IMAGE CONSTRUCTION
Since the candidates have a spectroscopically determined background redshift, provided by zB as listed in Table 1 , we are able to construct narrow-band images from the spectra. Although we do not generally have sufficient spatial resolution to identify gravitational lensing counter-images in all of the narrow-band images, we did serendipitously find some examples based on the following technique: Using the background spectroscopic redshifts in Section 3.2, we are able to construct narrow-band images around specific background emission-lines. In order to obtain smooth maps, we used the MaNGA DRP Cube files, which provided interpolated spectra for each spaxel (Law et al. 2016) . To subtract the flux of the foreground galaxy, we fitted a model for each spaxel using the same method described in Section 3.1. We summed each spaxel's residual flux within 4-8Å within the wavelengths of the [O ii], [O iiia], and Hα background emission-lines. The two-dimensional maps of these combined narrow-band background emission-lines are plotted in Figure 5 .
For most galaxies, the counter-image is near the foreground galaxy core. Although we have subtracted the foreground flux from the narrow-band images, the error in the residual flux is larger near the centre where the foreground is brightest whereas the counter-image is faint. Therefore, the chances to observe evidence of counter-images is small. Despite the challenges, we discovered 8 candidates with counter-images shown in Figure 5 . One of these systems, shown in Panel (4), is a compound lens candidate with 2 background source-planes, as further discussed in Section 5.
For each galaxy in Figure 5 we indicate the positions (with cyan circles) of the high S/N detected background emission-lines that were visually inspected, as described in Section 3.4. We manually inspected the source-plane for emission-lines that were otherwise too weak to be detected in the initial search, shown with magenta crosses in each spaxel.
Although there are several sources of uncertainty in the construction of the narrow-band images, and follow-up imaging is required to confirm our interpretation, we observe the following lensing features, as described in Table 4 .
CANDIDATE MULTIPLE SOURCE-PLANE LENSES
Two of our candidate lenses show high signal-to-noise background emission-lines from distinct background source planes:
• SDSS J0728+4005 listed in Table 3 with foreground redshift zF = 0.04956, and shown in Panels 3a and 3b of Figure 4 , with background redshifts zB = 0.694 and zB = 0.954,
• SDSS J1123+5111 listed in Table 3 with foreground redshift zF = 0.04865, and shown in Panels 17a and 17b of Figure 4 and Panel 4 of Figure 5 , with background redshifts zB = 0.165 and zB = 0.264.
The discovery of such systems is very rare but also of great scientific value due to having multiple Einstein radii to probe the mass distribution at distinct positions within the halo. Since the Einstein radius is a function of the angular diameter distance and the mass enclosed within the Einstein radius, these systems provide novel constraints on the total mass density profile of the lens (Sonnenfeld et al. 2012; Collett & Auger 2014) . The ratio of Einstein radii in multiple source-plane lenses is sensitive to cosmological parameters, but independent of the Hubble constant (Collett et al. 2012) . Our candidates do not have optimal redshift configurations for constraining dark energy models with a constant equation of state, but they are potentially exciting probes of more complicated models of dark energy since low redshift compound lenses have a unique sensitivity to variations in the dark energy equation of state (Linder 2017) .
SUMMARY AND CONCLUSIONS
We introduced the Spectroscopic Identification of Lensing Objects (SILO) survey, and presented a catalogue of 38 strong gravitational lens candidates discovered within the 2812 MaNGA galaxies released with SDSS-IV DR14, of which 8 have Grade-A lensing features visible in narrowband images of the background source-plane. Out of the ∼ 1.5 million MaNGA fibres, 698 exhibit background emissionlines above a threshold signal-to-noise ratio allowing a partial reconstruction of the source-plane geometry. Two of these systems are compound lens candidates, one of which demonstrates lensing features visible within the narrowband image.
These SILO candidates complement previous SLACS, SWELLS, S4TM, BELLS, and BELLS GALLERY lenses by exploring the population of galaxies at smaller distances and larger Einstein radius. Follow-up imaging of these candidates could potentially confirm our interpretation of the detected background emission-lines within our estimated Einstein radii as strongly lensed images of more distant galaxies.
Combined with the stellar density maps, the lens models we obtain from follow-up imaging would generate mass profile parameters at positions with smaller R/R eff than currently available. These additional constraints at small scales can be used to break the degeneracy between luminous and dark matter that currently plagues dynamical studies, and shed light on the bulge-halo conspiracy Dutton & Treu 2014; Shankar et al. 2017) . Lenses with a low R/R eff ratio are particularly useful to obtain estimates (and possibly gradients) of the stellar initial mass function in the inner regions of massive galaxies, where the mass budget is dominated by the baryons (see e.g. Newman et al. 2017; .
Because the SILO survey extends the spectroscopic discovery method of Bolton et al. (2006); Brownstein et al. (2012) to multiple IFU spectra, a follow-up imaging survey would provide validation of the source-plane distribution of lensing features and narrow-band images which were used in the manual inspection process. This would allow us to refine our catalogue grading procedure. A further extension of the spectroscopic discovery method to include high-redshift Lyman-α emitter source galaxies, following the procedure of the BELLS GALLERY survey (Shu et al. 2016a ), can be Table 4 . Narrow-band Inspection. This list identifies the strong lensing features observed within the narrow-band images from Figure 5 . Column 1 presents the SDSS System Name. Column 2 provides the manual inspection which identifies the strong lensing features.
System Name Manual Inspection
SDSS J0733+4411 Possible ring. SDSS J0825+1728 Possible quad. SDSS J1120+4649 Image with a isolated counter-image.
SDSS J1123+5111
Candidate compound lens with two background source planes: Image with a visible counter-image of an extended source, and a higher redshift image with a visible counter-image. SDSS J1307+4618 Multiple images. SDSS J1436+4943 Image with a isolated counter-image. SDSS J1625+3952 Image with a isolated counter-image of high redshift background galaxy. SDSS J1701+3722 Image with a isolated counter-image, confirming Smith (2017). expected to increase the number of candidate lenses. Since MaNGA will observe a total of 10,000 galaxies during SDSS-IV, we expect a large database of background emission-lines, from which a catalogue of confirmed strong gravitational lenses would be constructed, which would ultimately be of great significance to many future studies. , and Hα emission-lines within a ±4Å -±8Å window at the redshift of the background source-plane, as described in Section 4. High signal to noise detections are marked with cyan circles, and are likely images of background galaxies. Spaxels that show low S/N images or counterimages are marked with magenta crosses, and add support of strong lensing because they are in the same source-plane. Each panel displays a 5 ruler at the top-left. The foreground and background redshifts are shown at the bottom-left and bottom-right, respectively. Panel (4) SDSS J1123+5111 is a possible compound lens, with two source-planes.
